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Title of the Invention 
Die-casting method 

Summary 
Purpose 

The invention proposes a die-casting method that enables casting to proceed under 
favourable hot metal flow conditions with little air entrainment and without oxides 
and solidification fragments filling the mould cavity to obtain castings with improved 
mechanical properties that can be used for high-strength components. 
Constitution 

The proposed die-casting method allows the manufacture of suspension members, 
such as automotive steering knuckles, high-strength components, such as aluminium 
wheels, etc with improved mechanical properties through enabling casting to proceed 
in such a way that, through the prior grains of molten metal in the casting sleeve being 
substantially granulated, pressure-filled inside the mould cavity in a semi-molten 
state, and solidified, hot metal laminar flow conditions are obtained with little air en- 
trainment and without oxides and solidification fragments filling the mould cavity. 
Claims 

Claim 1 Die-casting method, characterized^ that the prior grains of molten metal m 
the casting sleeve are substantially granulated>pressure-filled inside the mould cavity 
in a semi-molten state, and solidiiredT^ 

Claim- 2 Die-casting method, characterized in that it consists of the processes of (a) a 
process involving the metal being melted and this molten metal being raised to a tem- 
perature near the liquidus, (b) a process involving said molten metal being transferred 
to the casting sleeve and the temperature of the molten metal in said casting sleeve 
being reduced from a temperature near the liquidus at the prescribed cooling rate to 
the prescribed temperature that is lower than the liquidus and higher than the solidus 
or eutectic point and involving the prior grains of molten metal being substantially 
granulated to obtain a semi-molten state, (c) a process involving the metal with 
granulated prior grains in a semi-molten state inside said casting sleeve being pres- 
sure-filled inside the mould cavity, (d) a process involving the metal in a semi-molten 
state pressure-filled inside said mould cavity being solidified. 

Claim 3 Die-casting method, characterized in that, in a die-casting method as claimed 
in claim 1 or 2, the metal with granulated prior grains in a semi-molten state inside 
said casting sleeve is globularized in the process of being filled inside the mould cav- 
ity. 
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Claim 4 Die-casting method, "characterized in that, in a die-casting method as claimed 
in any one of claims 1 to 3, the solid phase fraction of the metal with granulated prior 
grains in a semi-molten state inside said casting sleeve is controlled to 30-60%. 
Claim5 Die-casting method, characterized in that, in a die-casting method as claimed 
in anyone of claims 1 to 4, at least part of the inner tube of said casting sleeve is 
made of a low heat conduction material. 

Claim 6 Die-casting method, characterized in that, in a die-casting method as claimed 
in claim 5, said low heat conduction material is cyalon. 

Claim 7 Die-casting method, characterized in that, in a die-casting method as claimed 
in any one of claims 1 to 6, the metal in a semi-molten state inside said casting sleeve 
is pressure-filled inside the mould cavity under laminar flow conditions, with high 
pressure then being applied. 

Claim 8 Die-casting method, characterized in that, in a die-casting method as claimed 
in any one of claims 1 to 7, a reduced pressure atmosphere and/or inert gas atmos- 
phere are provided inside said mould cavity at least during filling of the metal in a 
semi-molten state. 

Claim 9 Die-casting method, characterized in that, in a die-casting method as claimed 
in any one of claims 1 to 8, an inert gas atmosphere is provided inside said mould 
cavity. 

Claim 10 Die-casting method, characterized in that, in a die-casting method as 
claimed in any one of claims 1 to 9, after the hot metal is said casting sleeve is heated 
and warmed with electromagnetic stirring, it is pressure-filled inside said mould cav- 
ity. 

Claim 1 1 Die-casting method, characterized in that, in a die-casting method as 
claimed in any one of claims 1 to 9, multiple conductors are individually arranged in 
at least part of the outer tube of said casting sleeve, a magnetic field is formed by an 
induction coil on the outside of said conductors, the temperature of the molten* metal 
in said casting sleeve is reduced from a temperature near the liquidus to the prescribed 
temperature that is lower than the liquidus and higher than the solidus or eutectic 
point, and, after heating or warming with stirring, the molten metal is pressure-filled 
inside said mould cavity. 
Detailed Explanation of the Invention 
[0001] 

Industrial Application Field 

This invention relates to a die-casting method that allows the manufacture of high- 
quality castings with superior mechanical properties. 
[0002] 
Prior Art 

Available die-casting methods include the die-casting method for manufacture of 
castings where molten metal in the casting sleeve is pressure-filled inside a high- 
precision mould cavity. This die-casting method confers the advantages that castings 
with high dimensional accuracy are obtained, manufactured castings have a fine and 
elegant casting skin, and casting can proceed under high- volume manufacturing con- 
ditions in a process that can be fully automated. This die-casting method has therefore 
so previously been extensively used for manufacture of low melting point metal cast- 
ings with a melting point lower than that of aluminium alloy. However, this die- 
casting method faces problems involving castings sustaining loss of mechanical 
strength after solidification as a result of the following factors: 

(1) Through the hot metal poured inside the casting sleeve being rapidly cooled on the 
casting sleeve inner wall, solidification fragments are produced, with casting pro- 
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ceeding under conditions of these solidification fragments being entrained inside the 

hot metal. , , ... , , 

(2) Air present in the casting sleeve is entrained inside the hot metal and readily leads 
to the formation of blisters (the phenomenon where gas pressurized during entrain- 
ment expands under thermal loading to form blister-like swellings). 
These factors make it difficult for affected hot metal to be used for strength compo- 
nents requiring a high level of mechanical strength. 

[0003] . _ , f 

Special die-casting methods developed to provide preventive measures for solution or 
the foregoing problems are available. These special die-casting methods include (1) 
the hot sleeve method involving the casting sleeve being heated to prevent solidifica- 
tion fragments being formed on the casting sleeve inner wall and (2) the longitudinal 
casting type die-casting method developed to reduce entrainment inside the hot metal 
of air contained in the casting sleeve. The hot-chamber die-casting method is also 
available, but this hot-chamber die-casting method faces the application problem of 
being limited to zinc alloys or magnesium alloys with a relatively low melting tem- 
perature and therefore does not rank as a general-purpose method. These special die- 
casting methods currently available in the prior art, however, face the problems that, 
with an increasing filling speed, the hot metal flow conditions inside the casting 
sleeve becoming increasingly turbulent, gas is entrained, the hot metal in that state is 
rapidly cooled on the mould cavity inner wall to produce casting defects, and the me- 
chanical and other properties of castings are impaired. To prevent these difficulties, it 
is necessary to reduce the filling speed to a substantial extent, but such reduction m 
the filling speed in turn raises the problem of the hot metal sustaining adverse flow 
conditions. Fig. 9 shows a micrograph of the non-solidified part extracted during den- 
drite development. This micrograph suggests that segregations are formed in the wall 
thickness zone and that castings of this type have unsatisfactory mechanical and other 
properties. 
[0004] 

As distinct from the foregoing types of special die-casting methods, Japanese Patent 
Application H3 — 47951 proposes a die-casting method wherein a caster is formed 
through mould combination with a mould cavity having a hot metal opening in the 
lower part, a cylinder outlet being provided in this hot metal opening, a die being 
connected'to form a constriction in such a way as to limit hot metal inflow inside the 
cavity, and an opening for supply of hot metal from outside being provided in the 
central zone in the central axial direction of the cylinder incorporating this die, and 
wherein further hot metal is poured in from the supply opening of the cylinder, and, 
after the hot metal has been held until it acquires a liquid phase/solid phase coexis- 
tence (mushy) state, pressure is exerted by a punch so that hot metal is passed through 
the die and pressed inside the mould cavity. The die-casting method proposed in 
Japanese Patent Application H3 — 47951 confers a number of advantages: (1) the hot 
metal supplied to the cylinder may have a temperature just above the melting point 
and therefore assists in energy-saving through being able to have a lower temperature 
than by general casting methods, (2) because of the low hot metal temperature, there 
is little gas absorption, no need for degassing treatment, and few blowholes are pro- 
duced in products, (3) the hot metal is uniformly pressed upwards by the punch in a 
liquid phase/solid phase coexistence state, ie in a mushy state free from any concrete 
shape, and then subjected to plastic working in a semi-molteh state through the die 
forming a constriction, causing the liquid phase and solid phase to be thoroughly 
mixed, and the solid phase to be broken down to produce castings with a fine-grained 
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structure in such a way as to obtain products with superior mechanical properties, (4) 
since plastic working of the hot metal takes place in a semi-molten state free from any 
concrete shape, less flow resistance is produced than by available forging methods, 
and equipment costs are reduced. 
[0005] 

Problems to he Solved bv the Invention 

In the die-casting method proposed in aforesaid Japanese Patent Application H3 — 
47951, however, the structure of the semi-molten metal inside the casting sleeve is not^ 
granulated, so that, because of the large difference in solute concentration, there is a 
strong possibility of segregations occurring, as indicated by the analogous light and 
dark areas in Fig. 10. Even when the mould cavity is filled, refinement of the structure 
is incomplete, and ample scope is accordingly available for improvement of mechani- 
cal properties. With an increasing filling speed, the hot metal flow conditions inside 
the casting sleeve becoming increasingly turbulent, gas is entrained, the hot metal in 
that state is rapidly cooled on the mould cavity inner wall to produce blisters, and the 
mechanical and other properties of castings are impaired. To prevent these difficul- 
ties, it is necessary to reduce the filling speed to a substantial extent, but such reduc- 
tion in the filling speed in turn raises the problem of the hot metal sustaining adverse 
flow conditions. The purpose of this invention is to propose a die-casting method that 
enables casting to proceed under favourable hot metal flow conditions with little air 
entrainment and without oxides and solidification fragments filling the mould cavity 
to obtain castings with improved mechanical properties that can be used for high- 
strength components. 
[0006] 

Means of Solving the Problems 

To solve the foregoing problems, the die-casting method according to this invention is 
characterized in that the prior grains of molten metal in the casting sleeve are sub- 
stantiallygranulated, pressure-filled inside the mould cavity in a semi-molten state, 
and solidified. In this invention as described above, the prior grains of molten metal in 
the casting sleeve are substantially granulated, pressure-filled inside the mould cavity 
in a semi-molten state, and solidified, so that the hot metal is filled inside the mould 
cavity under laminar flow conditions, and gas entrainment in the molten metal is pre- 
vented in such a way as to obtain castings with superior mechanical properties with- 
out formation of blisters. 
[0007] 

The technique used to ensure that the prior grains of molten metal in this invention as 
described above are substantially granulated is eg that of the temperature of the mol- 
ten metal in the casting sleeve being reduced from a temperature near the liquidus at 
the prescribed cooling rate to the prescribed temperature that is lower than the liq- 
uidus and higher than the solidus or eutectic point. 
[0008] 

The die-casting method according to this invention is also characterized in that it con- 
sists of the processes of (a) a process involving the metal being melted and this mol- 
ten metal being raised to a temperature near the liquidus, (b) a process involving said 
molten metal being transferred to the casting sleeve and t he temperaj ur^^tjhej^lten 
mgj^l in said cas ting sleeyeJbeing reduced from a temperature near the liquidus at the 
prescribed cooling rate to the prescribed temperature that is lower than the liquidus 
and higher than the solidus or eutectic point and involving the prior grains of molten 
metal being substantiaILy, granulat ed to obtain a semi-molten state, (c) a process in- 
volving the metal with granulated prior grains in a semi-molten state inside said cast- 
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ing sleeve being pressure-filled inside the mould cavity, (d) a process involving the 
metal in a semi-molten state pressure-filled inside said mould cavity being solidified. 
In this invention as described above, the metal is melted and transferred to the casting 
sleeve at a temperature near the liquidus, so that the casting sleeve sustains little dam- 
age through being heated at high temperature. In the process of the temperature of the 
molten metal in said casting sleeve being reduced from a temperature near the Iiq- 
uidus at the prescribed cooling rate to the prescribed temperature that is lower than the 
liquidus and higher than the solidus or eutectic point, mechanical stirring, electro- 
magnetic stirring, or other form of stirring is used to ensure that the prior grains of 
molten metal are substantially granulated and in a semi-molten state without any shear 
being imparted to the molten metal in a solid-liquid coexistence (mushy) state, and 
said metal in a semi-molten state is pressure-filled inside the mould cavity and solidi- 
fied in such a way as to obtain castings with superior mechanical properties without 
formation of blisters. 

Ttetemperature near the liquidus noted above, eg for A357 alloy, is within the range 
from near 10°C below the liquidus up to around 40°C beyond the liquidus. At any 
higher temperature, dendrite growth occurs, whereas, at any lower temperature, den- 
drite forms before hot metal casting starts. 

To cool the molten metal to a semi-molten state inside the sleeve and to obtain 
granular prior grains, the hot metal inside the casting sleeve is cooled at the prescribed 
cooling rate. This cooling rate favourably ranges between a rate exceeding 1.7 C/s 
and a rate under around 10°C/s. The formed prior grains can be granulated within this 
range. Concrete methods used to ensure cooling within the prescribed cooling rate 
specified above include the following: 

(1) The sleeve is made of a low heat conduction material, such as a ceramic material, 
and the cooling rate on the sleeve surface is reduced. If the internal cooling rate is 
slower than the range of 1.7°C/s~10°C/s specified above, cooling from outside is pro- 
vided as necessary. . . - , 

(2) Preheating is performed in the case of a metal sleeve, and the initial temperature is 
raised. In the particular case of A357 alloy, the initial temperature of the sleeve should 
be over 200°C. If the internal cooling rate of the molten metal is then less than the 
specified range of 1 .7°C/s.~ 10°C/s, cooling should be performed. 

(3) The cooling container used is of cold crucible type. The hot metal surface is 
heated by high-frequency induction in such, a way as to cool the container while ap- 
plying a quantity of heat to the hot metal. By this means, the cooling rate of the hot 
metal surface can be controlled and the inside of the hot metal cooled at the pre- 
scribed cooling rate. 

The metal with granulated prior grains in a semi-molten state inside said casting 
sleeve in this invention as described above may be globularized in the process of be- 
ing filled inside the mould cavity. The particles are then also fine-grained and the hot 
metal flow conditions favourable. 

Through the hot metal then being fluidized, it can also be globularized. As a technique 
for fluidization of the molten metal, mention may be made of eg electromagnetic stir- 
ring of the molten metal. As the hot metal is fluidized when being filled inside the 
mould cavity, its structure changes from granular to globular. In this invention as de- 
scribed above, the solid phase fraction of the metal in a semi-molten state inside the 
casting sleeve' is controlled to 30-60%. By this means, thixotropy can be conferred on 
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the molten metal, and favourable hot metal flow conditions can be moreover main- 
tained- That is to say, through the solid phase fraction of the metal in a semi-molten 
state being over 30%, thixotropy can be conferred on the molten metal, whereas, 
through the solid phase fraction of the metal in a semi-molten state being under 60%, 
its viscosity can be prevented from becoming excessively high, and favourable hot 
metal flow conditions can be maintained. 

[0012] ^ c . 

In this invention as described above, at least part of the inner tube of the casting 
sleeve may be made of a low heat conduction material, and the sleeve may be cooled. 
By this means, the cooling rate of the molten metal can be controlled, and the prior 
grains can be granulated. That is to say, through at least part of the inner tube of the 
casting sleeve being made of a low heat conduction material, the molten metal dissi- 
pates less heat and can obtain a granular structure in a semi-molten state even without 
casting sleeve preheating. As a typical low heat conduction material noted above, 
cyalon is used for the inner wall of the casting sleeve, conferring the advantage of the 
molten metal being less prone to leakage. 

[0013] . BJ . 

In this invention as described above, the metal in a semi-molten state inside the cast- 
ing sleeve is pressure-filled inside the mould cavity under laminar flow conditions, 
and high pressure may then be applied. By this means, air entrainment in the metal in 
a semi-molten state can be prevented, and the formation of blisters can also be pre- 
vented. A reduced pressure atmosphere and/or inert gas atmosphere are favourably 
provided inside the mould cavity at least during filling of the metal in a semi-molten 
state, or else an inert gas atmosphere is favourably provided inside the mould cavity. 
By this means, temperature control can be exercised so as to maintain the material in a 
semi-molten state, surface oxidation can be prevented, and products with favourable 
properties can be obtained without the need for any surface layer removal method. 
[0014] 

In the die-casting method according to this invention, multiple conductors are also 
individually arranged in at least part of the outer tube of the casting sleeve, a magnetic 
field is formed by an induction coil on the outside of said conductors, the temperature 
of the molten metal in said casting sleeve is reduced from a temperature near the liq- 
uidus to the prescribed temperature that is lower than the liquidus and higher than the 
solidus or eutectic point, and, after heating or warming with stirring, the molten metal 
is favourably pressure-filled inside said mould cavity. By this means, a current is gen- 
erated by electromagnetic induction in the conductors and metal in a semi-molten 
state. Through the interaction of this current and magnetic field, electromagnetic vol- 
ume forces act in a direction remote from the casting sleeve surface as well as oper- 
ating in a direction preventing contact between the material and casting sleeve. For 
this reason, there is a smaller temperature drop due to contact, less formation of so- 
lidification fragments on the molten metal surface, and a smaller temperature drop in 
the molten metal itself. Filling also proceeds with a more uniform temperature distri- 
bution. Through the suppression of any temperature rise in the casting sleeve itself, 
the casting sleeve also sustains less deformation, and the mechanical precision of the 
casting sleeve can be maintained. 

[0015] . 
In this invention as described above, by use of the foregoing mechanisms, casting can 
proceed under favourable hot metal flow conditions with little air entrainment and 
without oxides and solidification fragments filling the mould cavity. Through the 
temperature of the molten metal in said casting sleeve being reduced from a tempera- 
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ture near the liquidus at the prescribed cooling rate to the prescribed temperature that 
is lower than the liquidus and higher than the solidus or eutectic point and the prior 
grains of molten metal being substantially granulated to obtain a semi-molten state, 
thixotropy depending on both the granular prior grains and liquid abo_ve the eutectic 
temperature can be conferred. Thixotropy is the property where, when the granular 
solid fraction and liquid are mixed in some proportions, liquefaction is produced by 
vibration or shear and solidification by leaving the mixture to stand. 
[0016] 

Through this state of thixotropy being conferred, the tendency for flow to occur under 
laminar flow conditions is more intense than in a complete hot metal state when force 
is applied, and less gas entrainment also occurs during filling from the sleeve into the 
mould. That is to say, if a solid phase such as to have a granulated structure is present 
and force is applied, movement of the granulated solid phase and movement of the 
liquid simultaneously occur in such a way that the solid and liquid move together. By 
this means, castings with fewer defects are produced, their gas content is reduced, and 
no blisters form even during heat treatment. On the other hand, when the structure is 
not granulated, the individual solids become enmeshed and do not flow, with only the 
hot metal between the solid phase, ie the non-solidified part, being ejected in advance. 
For this reason, segregations and air entrainment readily occur 
[0017] 

Such thixotropy is not obtained simply through hot metal at low temperature being 
introduced into the sleeve. It is also necessary for granulation and the solid phase 
fraction of the structure to increase beyond some specific level (roughly over 30%). 
On the other hand, if the solid phase fraction is higher than some specific level 
(roughly over 60%), problems arise of the viscosity increasing and the hot metal 
flowing under adverse flow conditions, 
[0018] 

Embodiment examples 

Embodiment examples of this invention are explained in detail below with reference 
to the attached drawings. 
Embodiment example 1 

Fig. 1 (a) is an outline cross-sectional drawing of a longitudinal type of die-caster 
used in an embodiment example of the die-casting method according to this invention. 
Fig. 1 (b) is an outline cross-sectional drawing of the die-caster mould incorporating a 
cavity. The applied pressure of the longitudinal type of die-caster is 100 MPa. Casting 
sleeve 2 has an inside diameter of 50 mm and outside diameter of 80 mm. Mould 
cavity 6 is obtained by combination of upper mould 4 and lower mould 5, being ar- 
ranged for casting of steering knuckles as a type of automotive suspension member. 

[0019] . 
This longitudinal type of die-caster is used to cast A357 alloy (consisting or Al-Si- 
7%Mg to ASTM specifications). Hot metal with an A3 57 alloy composition is ini- 
tially prepared through the temperature being raised to 630°C near the liquidus 
(620°C). Ladle 41 is next used to transfer this A357 alloy hot metal 1 A to casting 
sleeve 2 through strainer 42 located in the hot metal pouring opening of ladle 15. In 
order to obtain the granular structure shown in Fig. 7, the temperature of the hot metal 
in the casting sleeve is reduced from a temperature near the liquidus inside casting 
sleeve 2 to a temperature of around 580°C that is lower than the liquidus and higher 
than the solidus or eutectic point. The cooling rate of the A357 alloy hot metal inside 
casting sleeve 2 is favourably 0.5~8°C/s and preferably l~4°C/s. By this means, A3 57 
alloy hot metal IB with granulated prior grains is obtained in a semi-molten state. The 



8 



H8-257722 



m 



grains then obtained have an average circularity (major diameter to minor diameter 
ratio of the grains) of 0.63 and an average circle-equivalent diameter (diameter of a 
quasi-circle calculated from the grain area) of 80 ^im. 
[0020] 

A357 alloy hot metal IB with granulated prior grains is next pressure-filled inside 
mould cavity 6 by plunger 3 while maintaining laminar flow conditions. The structure 
of the hot metal then obtained is such that the granular hot metal is much more refined 
in gate 6B during the pressure-filling process and becomes globular. Fig. 8 shows the 
hot metal structure just after passage through this gate. In terms of the average size of 
the globules then obtained, the grains at this stage have an average circularity (major 
diameter to minor diameter ratio of the grains) of 0.72 and an average circle- 
equivalent diameter (diameter of a quasi-circle calculated from the grain area) of 40 
jim. The structure of the semi-molten metal after granulation inside the casting sleeve 
and after filling inside the mould cavity has an increased circularity (major diameter 
to minor diameter ratio of the grains) and a reduced circle-equivalent diameter (di- 
ameter of a quasi-circle calculated from the grain area). The individual grains are also 
finer and nearer the shape of a true circle. The temperature and phase diagram of Al- 
Si-Mg aluminium alloy indicate that the solid phase fraction of semi-molten metal IB 
inside casting sleeve 2 is then 30-60%. 
[0021] 

Semi-molten metal IB inside casting sleeve 2 is pressure-filled inside mould cavity 6 
and solidified. When the mould is released, steering knuckle blanks can be obtained. 
The blanks are then subjected to a heat treatment process involving heating at a high 
temperature of 540°C for production of a supersaturated solid solution to ensure thor- 
ough melting of the crystallized and precipitated phases inside the matrix or base 
metal phase simultaneously with homogenizing to ensure much greater elimination of 
segregations produced during casting. The blanks are thereafter subjected to age- 
hardening treatment for promotion of precipitation involving the supersaturated solid 
solution being reheated and held at the comparatively lower temperature of around 
160°C. Table 1 lists the changes made to the solid phase fraction of semi-molten 
metal IB inside casting sleeve 2 and the mechanical properties of the steering knuck- 
les obtained after heat treatment. 
[0022] 

Table 1 







Mechanical properties 


Appearance 
after heat 
treatment 




Solid phase 
fraction (%) 


Tensile 

strength 

(N/mm 2 ) 


Proof stress 
(N/mm 2 ) 


Elongation 
(%) 




Reference 
example 1 


25 


329 


280 


1.8 


Small blis- 
ters present 


Embodiment 
example 2 


35 


347 


275 


8 




Embodiment 
example 3 


45 


353 


277 


10 




Embodiment 
example 4 


55 


350 


282 


9 




Reference 
example 5 


65 


330 


274 


3.1 


Non- 
rotation 
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[0023] fJ 
Reference example 1 referring to hot metal pressure-filled inside the mould cavity 
from the casting sleeve at a semi-molten metal solid phase fraction of 25% shows 
small blisters and low elongation after heat treatment. The hot metal in reference ex- 
ample 1 is not destined for use in steering knuckles as components requiring a high 
level of toughness. Reference example 5 referring to hot metal pressure-filled inside 
the mould cavity from the casting sleeve at a semi-molten metal solid phase fraction 
of 65% sustains non-rotation as shown in Fig. 6 and cannot be used to make a viable 
product. 
[0024] 

Hot metal produced with a solid phase fraction ranging between 30-60% accordingly 
shows good flow conditions, contains few blisters, and has a superior tensile strength, 
proof stress, and elongation. Hot metal with a solid phase fraction in this range can be 
used to target higher levels of reliability and weight reduction in manufacture of 
automotive suspension members such as steering knuckles. When part of the inner 
tube of casting sleeve 2 is made of a low heat conduction material such as cyalon, 
semi-molten metal IB, when warmed, obtains a granular structure in a semi-molten 
state while dissipating less heat even without preheating of casting sleeve 2. Through 
a reduced pressure atmosphere being provided inside mould cavity 6 during filling of 
the molten metal, the hot metal flow conditions are also improved, and the semi- 
molten metal is filled as far as the extremities of the mould cavity. Through an inert 
gas being supplied inside mould cavity 6, oxidation of the molten metal can be pre- 
vented and sound castings obtained. 
[0025] 

Embodiment example 2 

Fig 2 is Tan outline cross-sectional drawing of a transverse type of die-caster used m a 
separate embodiment example of the die-casting method according to this invention. 
Fig. 3 is a cross-sectional drawing of part 20 in Fig. 2. The transverse type of die- 
caster shown in Fig. 2 basically consists of casting sleeve 22 receiving molten metal 
1, plunger 3 driven by a hydraulic device, and mould cavity 6 into which molten 
metal 1 inside casting sleeve 22 is filled when plunger moves to the left. In Fig. 3, the 
inner tube of casting sleeve 12 consists of cyalon ceramic insulator 8. Conductors 9 
consisting of discontinuous austenitic stainless steel tubing are discontinuously em- 
bedded in insulator 8. Cooling water circulates through conductors 9. This embodi- 
ment example refers to the case of water cooling, although air cooling instead of wa- 
ter cooling may be used as well. By this means, electromagnetic volume forces are 
generated by the induction coil and conductors in casting sleeve 12, so that the semi- 
molten metal inside the casting sleeve can be filled inside the mould cavity in a state 
of not being in contact with the inner wall. The semi-molten metal inside the casting 
sleeve can be accordingly filled with less generation of solidification fragments, at a 
lower molten metal temperature, and with a more uniform temperature distribution. 
[0026] 

The applied pressure of the transverse type of die-caster is 100 MPa. Casting sleeve 
12 has an inside diameter of 50 mm and outside diameter of 80 mm. Mould cavity 6 is 
obtained by combination of moving mould 4 and fixed mould 5, being arranged for 
casting of steering knuckles as a. type of automotive suspension member. This trans- 
verse type of die-caster was used to prepare A357 alloy and heat-treated in much the 
same way as described in embodiment example 1. Table 2 compares the mechanical 
properties of the steering knuckles manufactured in this embodiment example with 
those obtained by conventional low-pressure casting in reference example 7. 
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[0027] 

Table 2 







Mechanical properties 




Casting 
method 


Tensile 
strength 
(N/mm 2 ) 


Proof stress 
(N/mm 2 ) 


Elongation (%) 


Embodiment 
example 6 


According to 
this invention 


348 


283 


11 


Reference ex- 
ample 7 


Low-pressure 
casting 


320 


270 


8 



[0028] 

The hot metal produced in embodiment example 6 also shows good flow conditions, 
contains few blisters, and has a superior tensile strength, proof stress, and elongation. 
The hot metal produced under these conditions can accordingly be used to obtain 
better steering knuckles than by conventional low-pressure casting in reference exam- 
ple 7 and can also be used to target higher levels of reliability and weight reduction in 
manufacture of automotive suspension members such as steering knuckles. Depend- 
ing on the properties of the castings being manufactured, the die-caster shown in Fig. 
4 may also be used instead of the die-caster explained in this embodiment example. 
[0029] 

Effect of the Invention 

The die-casting method proposed in this invention, as explained in detail above, al- 
lows the manufacture of suspension members, such as automotive steering knuckles, 
high-strength components, such as aluminium wheels, etc with improved mechanical 
properties through enabling casting to proceed in such a way that, through the prior 
grains of molten metal in the casting sleeve being substantially granulated, pressure- 
filled inside the mould cavity in a semi-molten state, and solidified, hot metal laminar 
flow conditions are obtained with little air entrainment and without oxides and solidi- 
fication fragments filling the mould cavity. 
Simple Explanation of the Drawings 

Fig. 1 is an outline cross-sectional drawing of a longitudinal type of die-caster used in 
an embodiment example of the die-casting method according to this invention. 
Fig. 2 is an outline cross-sectional drawing of a transverse type of die-caster used in a 
separate embodiment example of the die-casting method according to this invention. 
Fig. 3 is a cross-sectional drawing of part 20 in Fig. 2. 

Fig. 4 is an outline cross-sectional drawing of a transverse type of die-caster without 
any electromagnetic volume force generation mechanism used in a separate embodi- 
ment example of the die-casting method according to this invention. 
Fig. 5 is a plan view drawing showing knuckle steering. 
Fig. 6 is a plan view drawing showing non-rotation in knuckle steering. 
Fig. 7 is a micrograph showing the granular structure of the semi-molten metal inside 
the casting sleeve. 

Fig. 8 is,a micrograph showing the globular structure of a casting after filling and so- 
lidification inside the mould cavity. 

Fig. 9 is a micrograph of a structure showing casting defect segregations. 

Fig. 10 is a micrograph of a structure showing segregations generated through a large 

difference in solute concentration. 

Explanation of the Symbols 

1A ... molten metal, IB ... semi-molten metal, 2 ... casting sleeve, 3 .... plunger, 4 ... 
moving mould, 5 ... fixed mould, 6 ... product cavity, 7 ... induction coil, 8 ... insu- 
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later, 9 ... conductor, 10 ... cooling water pipe, 11 ... cooling water, 12 ... cooling 
water path, 15 ... ladle, 22 ... inner tube, 23 ... cyalon, 24 ... outer tube 

Fig. 1 

Fig. 2 

Fig. 3 
Fig. 4 
Fig. 5 
Fig. 6 
Fig. .7 
Fig. 8 
Fig. 9 
Fig. 10 
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